The incidence of cardiac arrest is not easily determined from the literature. In many places records barely exist and in others definitions and methods of classification vary widely.
In the theatre the overall incidence of cardiac arrest due to aneesthesia and to unknown causes is of the order of 1 in 1,500 to 1 in 2,500 anesthetics administered (Table 1) , varying with age. Cardiac arrest classified as 'a result of surgical procedures' is, of course, more frequent. Table 1 Overall incidence of cardiac arrest due to anesthesia and unknown causes at the Columbia-Presbyterian Medical Center 1947-56 (Rackow et al. 1961) Age Infants under 1 year 1: 617 Children 1-12 years 1: 1,678
Adults, over 13 years 1: 2,580
The age distribution of patients suffering cardiac arrest is shown in Fig 1 (Stephen 1962) , where in each age group the left-hand column represents the findings of Stephenson et al. (1953) working on 1,200 cases reported from world-wide sources; the middle column represents Stephen's own findings at the Duke University Medical Center; the right-hand column indicates the incidence of anesthesia-related arrests. The high incidence in children is noticeable and not specially related to congenital defect or cardiovascular disease. There is also a disturbing number of anxsthesia-related arrests in the age groups 31-40 and 41-50, occurring mainly from abdominal and non-cardiac thoracic surgery. Stephen (1962) entitled his paper 'Cardiac arrest is on the decline' but this diagram seems to disprove it.
However, the incidence of anaesthesia-related standstill has been significantly reduced in the 24 last few years, as is shown by Fig 2 (Stephen 1962) . This shows for the ten years 1950-9 the yearly total incidence of cardiac arrest initiated by operating theatre manipulations in the lefthand columns, with the incidence of anesthesiarelated arrests in the right-hand columns. We should not, however, be complacent about a reduction in deaths directly related to anesthesia, since surely anisthetists share in a wider responsibility for such matters as fluid, electrolyte and blood replacement, and have a part to play in pre-operative assessment and the timing of surgery.
In a report on the application of external cardiac massage on 118 patients from Johns Hopkins Hospital, Jude et al. (1961) found that 70 % of the cases arrested in asystole and 30 % in ventricular fibrillation. Cardiac action was restored by external cardiac massage in 78 % of 138 episodes in these 118 patients, and 28 patients (24%) left hospital alive. In 31 of the patients 35 arrests occurred in the theatre or recovery ward; cardiac action was restored in all these cases and 20 patients (64%O) left the hospital. Of the remaining 87 patients, suffering from cardiac and other disease with a total of 103 arrests, only 8 left the hospital. The excellent results in non-cardiac surgery thus contrast with those in patients with cardiac and other disease. It is, therefore, those engaged in general surgery, where the incidence of arrests and experience of this kind of work is less, who have the greatest opportunity for success, due largely to the work of Jude and his co-workers (1961) who have so powerfully advocated closed chest compression.
Massage, whether direct or through the closed chest, must be as effective as possible, not only to oxygenate the brain and myocardium, but also lest poor tissue perfusion should lead to metabolic acidosis, thus prejudicing the restoration of an adequate heart beat.
How can we then assess the adequacy of compression? Improvement in skin colour and return of consciousness are often delayed until cardiac contractions are resumed; pulsation in the great -1200 Cases (Stephenson)
Totol Standstills a Anesthesia-related I Standstills 1-10 11-20 21-30 31-40 41-50 51-60 61-70 Over 70 AGE vessels can be sought but may be deceptive, since vigorous compression of the thorax can produce pulsation of more than arteriesveins, and indeed the whole body, seem to 'bounce'. Certainty is difficult unless an artery is cannulated and a tracing made visible. In any case, pulsation is not necessarily proof of flow and can occur, as emphasized by Weale & Jackson (1962) , in a vessel proximal to complete occlusion by a ligature.
Experiments on Dogs I have not seen any figures of the blood flow resulting from cardiac compression in man, but measurements have been made in dogs. There is wide variation from animal to animal, closed chest compression being more effective in small than in large dogs; in the latter there is a greater distance between sternum and vertebra relative to heart size. Fortunately, in this humans resemble small dogs. Whatever the size, however, direct compression yielded bigger outputs (up to 40-60 %) than did compression of the intact thorax (20-30%).
In these experiments Kuhn and his group (Weiser et al. 1962) found that, perhaps because of the diminished systolic ejection period and stroke volume with this method, a more rapid rate of compression (120/min) was needed, as against 30-60 'squeezes' which gave the best output when the chest was open. Their results showed that the open chest method provided greater cardiac output (average 61 % of control values) and greater central aortic pressure (Reproducedfrom Stephen, 1962, by kindpermission) (average 48% of control values) than did the closed chest technique (20% and 21 % respectively). The latter resulted in higher cardiac outputs in smaller dogs (39 % of control values) than in large ones (13 % of control values). These results confirm the work of Redding & Cozine (1961) While direct open chest compression of the heart may, under the most favourable circumstances and in skilled hands, provide somewhat better outputs and may, on occasion, be appropriate in theatre and recovery ward (especially when haemorrhage and tamponade may have occurred), this method does not compare in importance with the contribution of closed chest compression to cardiac resuscitation as a whole; it is the success of the latter which has directed more attention to methods of electrical defibrillation.
Electrical Defibrillation
Electrical defibrillation has been known for at least sixty-five years. Prevost & Batelli (1899) made use of both alternating and direct current and knew that small currents caused, and larger currents stopped, ventricular fibrillation. Hooker et al. (1933) and Carl Wiggers (1940) tion, while 1 -3 amps at some 80-180 volts are more likely to cause asystole. Since the resistance of the heart is about 50-100 ohms, 100 volts applied to the heart will pass 1 or 2 amps. The resistance of the chest wall is in the region of 200 ohms, therefore 200-800 volts may be needed to defibrillate the heart by this route. As a result of this current, heat will be generated in the heart or the chest wall, depending on the method. If electrodes applied direct to the heart are too small, if current time is prolonged, and especially if shocks are rapidly repeated, temperatures of 650 C, more appropriate to cooking than resuscitation, may be reached in the myocardium (MacLean & Van Tyn 1961) .
Direct current for fibrillation is now coming into use. The voltage used is much higher and depends on electric energy stored in a condenser, the discharge of the order of 2,000-4,000 volts usually passing through an inductance which 61 modifies the shape of the wave (Figs 3A, 3B) . (Lown) simplified schematic diagram of a DC defibrillator, as used by Lown et al. (1962) , is shown in Fig 4. No formula govern the size of condenser, which has been selected largely by trial and error: a value of 16 microfarads is common. The condenser is charged from a rectifier fed by the mains, but dry batteries or accumulators could be used, thus permitting portable apparatus. Charging the condenser takes up to 20 seconds. From -1 10 volt mains, 1 amp is therefore sufficient, whereas 70 amps may be needed to sustain an alternating current shock. This can constitute an overload and fuses may be blown.
This large amount of energy, up to 400 joules, passes in 2-4 msec, a very short time compared with the 100-200 msec of an alternating current discharge, the total energy passed being less dependent on the skin and tissue response when direct current is used; local heating is said not to occur. Nevertheless, damage to the myocardium can result and increases with voltage and total energy. Peleska's (1963) work on dogs using direct current showed an appreciable incidence of fibrillation with small currents: but this was not accompanied by evidence of heart damage. Higher voltages, however, were often later followed by arrhythmias and 'infarct-like' changes in the electrocardiogram and not infrequently the death of the animal. Compared with alternating current, direct current countershock is claimed to be more effective, working when an AC shock has failed, reverting fibrillation more successfully in hypothermic patients and causing significantly less myocardial damage.
The effect of electroshock varies with its timing relative to the cardiac cycle. Random shocks have a high incidence of both atrial and ventricular arrhythmias, up to 2% of ventricular fibrillation. The short duration of direct current shock allows it to be linked with the upstroke of the QRS complex and, by varying the delay, a shock can be inserted into any part of the cardiac cycle. It has been found that the cardiac cycle is not uniformly susceptible to arrhythmia, the especially vulnerable period occurring in the early part of the T-wave during which ventricular fibrillation is especially liable to result, a similar period in the latter part of the QRS complex frequently leading to auricular fibrillation ( Fig 5) . Shocks timed to avoid the vulnerable period can be used to revert arrhythmias through the closed chest.
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In conclusion, it is at all times important to remember the high voltages used and the danger to the operator: the type of electrode commonly used for internal alternating current defibrillation would be extremely dangerous if used with a direct current defibrillator. Dr Edgar Sowton (Institute ofCardiology and National Heart Hospital, London)
The Use of Artificial Pacemaking in Cardiac Resuscitation
The techniques of electrical stimulation of the heart can often be applied to the treatment of cardiac arrest and this paper deals primarily with the use of artificial pacemaking in patients with one of three conditions: Stokes-Adams disease, cardiac infarction or poisoning.
Stokes-Adams Disease
There are two main mechanisms for the syncopal attacks, asystole ( Fig 1A) and a rapid arrhythmia which varies from ventricular tachycardia to ventricular fibrillation and which is best described as ventricular tachyarrhythmia. This rapid rhythm is often interrupted by short periods of bradycardia or asystole ( Fig 1B) although these are not apparent clinically. An artificial pacemaker will terminate a Stokes-Adams attack provided the stimulus falls in a non-refractory period and in practice this means that pacing is effective during bradycardia or asystole but not during the rapid runs of ventricular tachyarrhythmia.
Electrocardiographic proof of the rhythm causing Stokes-Adams attacks in 42 patients is presented in Table 1 which shows that nearly 90 % of patients had syncopal attacks associated with asystole, with or without ventricular tachyarrhythmia: repeated attacks in the same patients were usually due to the same arrhythmia. 
